The placenta, supporting the growth and development of the fetus, are rich in amino acids, peptides, vitamins, trace elements and growth factors, nutrients and biological active components. Placental therapy was applied to promote from the recovery of diseases and tissue regeneration since the early 1900s. Since then, placental therapy was applied in various clinical applications as they were shown to exhibit remarkable therapeutic attributes ranging from anti-oxidant, antimicrobial, anti-inflammatory, pain reduction, hair growth promotion, health improvement, cellular proliferation, tissue regeneration and wound healing properties in vivo. This review further summarizes the historical aspects, cellular mechanism, nutrient content and therapeutics properties of the placenta.
Introduction
The placenta is a vascular organ with a known duration of life and it is only developed with the occurrence of pregnancy. It attaches to the uterine wall and the umbilical cord which connects between the mother and the fetus, thus supporting the growth and development of the fetus [1] . The word placenta derives from the Greek word "plakoenta" meaning "Flat Cake", with a flat, round or oval shape appearance, with the outermost and innermost membrane known as the chorion and the amnion respectively [2, 3] .
During pregnancy, they play an important role in the transfer of gases, nutrients, removal of waste products, which is vital for the life sustenance of the fetus [4, 5] . It functions as a temporary endocrine gland, which secretes both peptide and steroid hormones to maintain pregnancy, parturition, lactation and fetal development [6] . Also, the placenta serves as a natural storage centre of many biologically active components ranging from enzymes, amino acids, peptides, polydeoxyribonucleotide (PDRN), vitamins, trace elements, growth factors with significant immunomodulatory, anti-inflammatory and wound healing activities [7] [8] [9] .
The structure of human placenta and sheep placenta varies as fetal components of the sheep placenta are classified as epitheliochorial, villous with cotyledonary structure. The sheep placenta is formed by the attachment of the chorionic membrane to the caruncles (maternal side of the placenta) on the uterine walls 20-30 days of pregnancy. These points of attachment develop into placentomes which facilitates the transfer and exchange of gases, nutrients and waste products removal [2, 10] .
In humans, the placenta is a haemochorial placenta with flat, disc shape and with tissue layers separating the maternal and fetal blood streams. The umbilical cord inserts roughly at the centre of the chorionic plate, which give rise to the chorionic villi. The chorion can be divided in to two cellular layers: 1) the outer syncytiotrophoblast and 2) the inner cytotrophoblast. As pregnancy proceeds, there is a marked reduction in the cytotrophoblast layer. Transportation of substances across the placenta is greatly regulated by the basal membrane and the syncytiotrophoblast. All materials and substances pass through the intervillous spaces through the syncytiotrophoblast, then to the fetal connective tissues and into the fetal capillaries and lastly into the fetal blood [4, 11, 12] .
In terms of the biochemical content of the placental tissue, there is no significant difference across various species. Since 30 years ago premium range of supplements containing nutrients of placenta were formulated and produced under the MFIII brand. In present, the current generation of supplements in a form of softgels is widely known and used worldwide as "PE Advanced Formula". The choice of sheep as a source of placenta is justified by high safety standards, absence of cultural and religious taboos against this species and its extraordinary nutritious qualities.
Placentophagy or placentophagia refers to the postpartum ingestion of whole placenta after childbirth. However, placentophagy refers to the consumption of placenta by humans while placentophagia refers to the consumption of placenta and amniotic fluid by most mammals including herbivores and primates [1, 13] . Nonetheless, maternal placentophagy are not a common practice in humans whereas they are variously regarded as a biomedical waste and are dispatched based on their cultural, societal, personal or religious beliefs [6, 14] .
Based on previous literatures in the 1960s, midwives and obstetrical nurses of Chinese and Thai origin residing in the North Vietnam consumed fried placenta served with onions obtained from young, healthy and attractive mothers from Hospital in Haiphong, Vietnam [15] . In the early 1970s, human maternal placentophagy were promoted in small number of women in the United States and Mexico as they contained diverse bioactive compounds with therapeutic benefits [16] . Placenta consumption were able to support and replenish nutrients and hormones to the mother which were lost after parturition [14] .
The placenta could be served raw, cooked or encapsulated and to be taken as supplements as it contains various nutritional benefits. Previous reports stated placentophagy helped in improving mood stability, increase vitality, improve lactation, accelerate physical recovery and decrease postnatal bleeding [1, 13, 14, 16] . This article further 1) review the historical aspects of placental therapy, 2) explain the properties and beneficial nutrients of placenta, and 3) explain the application of placental therapy and its therapeutic effects.
Historical aspects of placental therapy
Historically, the placenta was recognized as a traditional folk medicine in China and other parts of the world with its vast nutrients and biological active components. In China, Li Shizen's "Compendium of Materia Media" in the sixteenth century documented dried human placenta, also known as "Zi He Che" to increase energy and vitality and for the treatment of impotence, infertility, liver and kidney problems [17] . In Argentina, the Araucanian Indians used dried umbilical cord grinded into powder form for the treatment of the sick child. Furthermore, the Kol tribe in Central India consume placenta to promote reproductive function [15] . Numerous historical occurrences of placentophagy were practiced in many parts of the world; yet there were no documentations and researches on the therapeutic efficacy of the placental extract until research was conducted in 1930s in the Soviet Union.
In the 1930s, Filatov V.P, an ophthalmologist from Soviet Union reported the accelerated regeneration of tissues and the suppression of disease when placental extracts rich in biogenic stimulators were administered into a diseased organism. Injections of placenta were able to activate whole body function and also promote the recovery of diseases [18] . In was followed by administration of human placental extracts in Japan in the 1950s. Thereafter, placental extracts were used in aesthetics and therapeutics anti-aging strategies in countries such as India, Japan, Korea, Thailand and the United States of America [19] [20] [21] [22] [23] .
Cellular mechanism of placental therapy
In placental therapy, extracts of placenta containing polydeoxyribonucleotide (PDRN), enzymes, nucleic acids, amino acids, peptides, vitamins, trace elements, minerals and growth factors are normally administered via intramuscular injection [7, 9, 19] . Administered placental extracts are readily absorbed by binding to specific receptors present on the surface of targeted cells followed by stimulating inactive or damaged cells, tissues and organs in the body, thus providing tissue repair and regeneration [24] . A schematic diagram outlining the mechanism of growth factors present in placental extracts triggering the fibroblast cells to produce collagen and provide elasticity to the skin is shown in Figure 1 . In addition, placental extracts also exhibit many other therapeutic properties and act as a stimulant for tissue repair, wound healing, immunomodulation, anti-inflammatory, cellular proliferation and tissue regeneration [9, 25, 26] .
Nutrient content and properties of placenta
The placenta connects the mother and fetus and serves as a transportation vehicle to deliver nutrients principally glucose, amino acids, fatty acids, vitamins and minerals for the growth and development of the fetus [4] . Research findings reported that the nutrients which are delivered via the placenta could be retained after the delivery of the fetus [27] . Previous reports indicated that human placental extracts contain collagen, elastin, laminin, vitamins, trace elements, nucleic acids, amino acids, peptides, cytokines and growth factors [5, 7, 16, 22, 28] . This review further explains the nucleic acids, amino acids, peptides, vitamins, minerals, trace elements, extracellular matrix components, cytokines and growth factors of placental extracts, as recorded in previous research publications.
Nucleic acids
Two principal nucleic acids, ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) are present in placenta. Polydeoxyribonucleotide (PDRN), an active component composed of different lengths of deoxyribonucleotide polymers extracted from placenta activates the salvage pathway for the biosynthesis of nucleosides, nucleotides and nucleic acids [29] . In addition, PDRN were shown to exhibit wound healing function especially for the treatment of ulcers, wounds and scars [28, 30] .
Since 2003 Stellar Biomolecular Research (Germany) and Stellar Biomolecular Innovations has implemented a cold-enzymatic processing with further nano-filtration of biologically active ingredients for the manufacturing of liquid forms of placental extracts. Nanofiltrates or Eco-Ultra-Filtrates (EUF) of placental extracts possess high bioavailability due to the molecular weight below 10 kDa and linear size of the peptides below 10 nm.
Placental peptides, extracts and growth factors produced under the MF+ brand are currently widely used across 75 countries for management of non-healing wounds, ulcers, diabetic foot syndrome, osteoarthritis, etc.
Amino acids and peptides
Amino acids symbolize as the key nutrients during intrauterine life [31] . Types of essential and non-essential amino acids present in the placenta include alanine, aspartic acid, arginine, histidine, leucine, lysine, phenylalanine, proline, tyrosine, trytophan, valine [32] [33] [34] . These amino acids stimulates stimulates fibroblasts production, collagen production and decrease skin pigmentation [35] .
Stellar Biomolecular Innovations has included placental peptides to its proprietory formulations for aesthetic skin rejuvenation -SPMCE (skin, placenta, mesenchyme, collagen, elastin). This unique formula provides a complete holistic rejuvenating and revitalizing effect on the skin and can be applied either vie mesotherapy or topically along with various cosmeceutical aesthetic procedures.
It was noted that SPMCE (Nano-peptides and latest peptides range -"Mito Organelles") not only have a lasting aesthetic effect but also have high therapeutic efficacy in management of hypertropic and keloid scars, when administered sublesion.
Vitamins, minerals and trace elements
Vitamins are vital nutrients which are important in both intermediary and specialized metabolic process to maintain the health and development of organs [36] . A myriad of vitamins, minerals and trace elements were demonstrated in previous reports. Specific vitamin B binding sites were demonstrated in the placenta followed by the discovery of vitamin B 1 , B 2 , B 5 , B 6 , B 7 , B 9 ,B 12 in placental extracts which play a role in cell metabolism, cell division, cell development and energy production [7, 13] . Young et al. [37] analysed the minerals and trace elements of encapsulated placental extracts by coupled plasma mass spectrometry and reported the presence of calcium, copper, iron, magnesium, manganese, phosphorus, potassium silicon, sodium and zinc in the extracts. Minerals and trace elements are essential in minute quantities for the normal development of the human body and functioning of the body [38] .
Extracellular matrix components
The extracellular matrix (ECM), present within all tissues and organs, is the largest component in the dermal layer which provides the biochemical network and structural integrity to all surrounding cells. They are comprised of collagens, proteoglycans/ glycosaminoglycans, elastin, fibronectin, laminins and other glycoproteins [39, 40] . Collagens (type I, III, IV, V, VII, VIII and XVI, XVII), the main component in the ECM provide tensile strength, cell adhesion regulation, tissue development, cellular migration and chemotaxis are present in the human placenta [41] . Placenta is also rich in elastin, which provide elasticity to the skin and recoils to tissues like a spring undergoing repeated stretch [39, 42] . Besides, fibronectin, important for the maintenance of normal cell morphology, cell migration; and laminin, which play a role in cells attachment, differentiation and tissue survival are also detected in human placental extracts [43] [44] [45] .
Cytokines and growth factors
Cytokines and growth factors are a large group of secreted proteins that stimulate intracellular communication to initiate cellular response via specific cell-surface receptors. They act as messengers and transmit intracellular signals through autocrine signalling (act on the same cell that produces the growth factor and responds to it), paracrine signalling (act on the cells that are adjacent to the producer cell) and endocrine signalling (enter to the circulation that travel to distant cells) [46, 47] . Growth factors are important in regulating and stimulating growth, proliferation, migration and differentiation of cells [48] . Many cytokines, such as granulocyte-colony stimulating factor (G-CSF) and granulocyte-macrophage colony stimulating factor (GM-CSF) are growth factors as they play a role in inducing growth, differentiation and proliferation of cells [49] . Placental extracts are rich in growth factors G-CSF, GM-CSF, EGF, FGF, HGF, IGF, PDGF, TGF, VEGF which show an array of physiological effects ranging from immunomodulation, anti-inflammatory, wound healing, cellular proliferation and regeneration (Table 1) Systemically and locally administered placental extracts are commonly used in anti-aging and sports medicine for the management of osteoarthritis and various wear and tear diseases of loco-motor apparatus.
Biological and therapeutic applications of placental extracts Anti-inflammatory and anti-oxidant properties
Administration of placental extracts was shown to exhibit antiinflammatory properties. Amniotic epithelial cells (AEC) and amniotic mesenchymal stromal cells (AMSC) isolated from the amniotic membrane, the innermost layer of the placenta were known to exhibit anti-inflammatory properties [66] . Previous researches by Sur et al. [9] investigated the anti-inflammatory activity of placental extracts by inducing inflammation in the hind paws of Wistar rats with carrageenan, serotonin (5-HT) and prostaglandin E 1 . Following paw edema inflammation, placental extracts were administered to the rats and paw edema inflammation was reduced significantly.
In addition, placental extracts also served as natural anti-oxidants as they contained superoxide dismutase, catalase and glutathione peroxidase which function in neutralizing free radicals, preventing cellular impairment and disease development [67] . Shinde et al. [68] studied the hydroxyl radical scavenging activity, reducing power assay, nitric oxide scavenging assay and anti-lipid peroxidation of human placental extracts and these extracts provide protection and scavenge against various free radicals and are potential source of natural antioxidants. Besides, previous investigation on placental extracts could significantly reduce nitrite-induced oxidative damage in erythrocytes with ABTS scavenging and chelating abilities [69] .
Classification of growth factors
Functions Source
Cytokines
Interleukin-1 (IL-1)
Promotes the regulation of immune system the production of T, B and NK cells [5] Interleukin-2 (IL-2)
Promotes and regulates the activity and growth of T cells, central regulator or mediator of immune response [53] Interleukin-4 (IL-4)
Eradicate extracellular pathogens and regulate antibody production, involved in the differentiation from Th0 into Th1 and Th2 cells [54] [55] [56] 
Growth factors
Granulocyte-colony stimulating factor (G-CSF)
Regulates cell cycle activation, survival of the myeloid lineage, mediates the proliferation, differentiation and survival of neutrophil progenitors [52, 57] Granulocyte-macrophage colony stimulating factor (GM-CSF)
Proliferation of macrophage progenitors, promotes the maturation of dendritic cells [50] Epidermal growth factor (EGF)
Stimulates cell migration and proliferation for wound and skin repair [24, 58] Fibroblast growth factor (FGF)
Promotes the growth of fibroblast cells, induce endothelial cell migration for tissue regeneration and wound healing [59, 60] Hepatocyte growth factor (HGF)
Stimulates the production of liver cells and also renal tubular epithelial cell, acts as a mitogen for human keratinocytes and melanocytes.
[51]
Insulin-like growth factor (IGF)
Regulates feto-placental growth throughout gestation, promotes the growth of muscle cells and cells proliferation [61] Platelet-derived growth factor (PDGF)
Promotes cell differentiation, proliferation, migration and survival in different organs, promotes tissue repair and wound healing process [62, 63] Transforming growth factor (TGF)
Promotes proliferation and differentiation of epithelial cells and tissue remodelling [64] Vascular endothelial growth factor (VEGF)
Regulation of angiogenesis, vascular development, hematopoietic development, neuroprotection [42, 65] 
Anti-microbial properties
The placenta provides an immunological balancing environment to defend against invading microorganisms during pregnancy. Histones H2A and H2B proteins isolated from the fetal membrane of the placenta served as an endotoxin-neutralizing barrier and provide protection against penetration by microorganisms [70] . Chakraborty & Bhattacharyya [19] studied the role of placental extracts on the growth of different microbes. Placental extracts could inhibit the growth of different types of bacteria (Escherichia coli, Staphylococcus aureus) and fungi (Saccharomyces cerevisiae, Kluyveromyces fragilis, Candida albicans). Furthermore, it has an inhibitory role against clinically isolated E. coli strains isolated from urine and blood culture and Pseudomonas aeruginosa isolated from pus culture indicated that placental extracts exhibit bacteriostatic and fungistatic activities.
Wound healing properties
The usage of placental extracts for burn injuries, chronic wounds and post-surgical dressings has already been applied as a traditional medicine in many countries ranging from China, Korea and Japan and many more [8] .
Burgos, Herd & Bennett [71] extracted growth factors extracted from human placentas for the treatment of chronic varicose ulcers in eighteen patients. These patients were randomly allocated to receive dressings containing or not containing the growth factors for a period of 48 hours. Results showed patients treated with placental growth factors enhanced the formation of epithelial and granulation tissue and accelerated the wound healing process.
Placental extracts were shown to be effective in healing diabetic wounds in a study conducted by Navadiya et al. [26] . This study compared the effectiveness of topical placental extracts dressings versus the povidone iodine dressings in various patients with diabetic wounds. Placenta wound dressings could significantly accelerate the rate of wound healing when compared to povidone iodine dressings as it contained amino acids, vitamins and nucleotides with accelerated wound healing recovery of seven to ten days. Consequently, Fatemeh et al. [72] tested the burn wound healing activity using placenta membrane, or placenta membrane impregnated with honey or SSD by creating deep partial thickness burn on sixty four Wistar rats. Placenta was chosen as it contained various growth factors including FGF, EGF, TGF-β and IL-1 which enhance the reepithelialisation and reconstruction of the skin and as a rapid physiological wound healer. All burn wounds applied with placenta membrane showed accelerated wound coverage and reconstruction of partial thickness burns when compared to the placebo group indicating that the placenta membrane could be applied as a dressing for wounds.
Hair growth promotion
Alopecia is a constantly increasing problem attributable to hormones, genetic factors, autoimmune diseases, medications and stress which alter the hair follicle cycle and causes hair loss. Previous report by Seo et al. [73] showed the effectiveness of placental extracts in hair growth promotion. The hair growth of depilated C57BL/6 mice was investigated by applying human placental extracts topically once a day for fifteen days consecutively. Gross examination and histological analysis showed the placental extracts marked increased hair regrowth and also increased the expression of FGF-7, which play pivotal roles in maintain the anagen phase and the cellular proliferation of hair follicles suggesting that it may be a good candidate for the treatment of alopecia.
This quality of placental extracts allows its successful application in treatment of hair loss. European Wellness Centers International Group has employed mesotherapy with MF+ Placental extracts in the scalp area as a part of the therapies that promote hair growth in male individuals.
Reduces and relieves pain
Consumption of placenta after postpartum were known to provide natural pain relief after labour [16] . In the review of experimental study the effectiveness of placental extracts on pain management, DiPirro and Kristal [74] reported the ingestion of placenta produces a dramatic enhancement of centrally mediated opioid antinociception. Besides, Cho & Park [75] conducted a research on the effectiveness of placental extracts in treating patients suffering from complex regional pain syndrome (CRPS) -an inflammation-associated disorder characterized by spontaneous pain, swelling, changing of skin colour and restricted movement. Patients with CRPS showed remarkable amelioration after receiving injections of placental extract into acupuncture points BL23, BL24, BL25 and LR4. All patients showed complete pain relief, swelling reduction, redness disappearance and articular movement restoration.
Improves health and energy
Administration of placental extracts was shown to improve general health and well-being. Placenta contains iron which replenishes the iron level in the body to eradicate fatigue and provides energy [27] . Human placenta are commonly used in traditional chinese medicine for the treatment of chronic fatigue syndrome [76] . A survey on 189 females on maternal placentophagy was investigated. 26% of the women reported an increased energy and decreased fatigue, 40% reported an improved mood and 15% reported an improved lactation after the consumption of placenta [16] .
Integrative biological treatment by placental therapy
There has been much progress of the therapeutics uses of placental extracts since the early 1900s. Since 1992, MFIII brand was famed as the first cellular therapy oral supplements made from premium sheep placental extracts (http://mf3swiss.com/). In addition, SBI Research & Development unit (Germany) has released sheep or rabbit placenta therapeutics range and produced under MF+ brand (http://www.mfplus.com/) which are known as "Fresh and Pure Range -HP Placenta", "Nano Organo Peptides (placenta)" and "Mito Organelles (placenta)". All of these products were manufactured by cryoporosis TM extraction and heatless sterilization, a unique patented method which could retain all beneficial bioactive components and nutrients of the placenta for well-being, health restoration and complete body rejuvenation.
Conclusion
Integrative biological medicine plays an important role for restoration and the management of health and wellness. Placental extracts contain active ingredients remain essential in the field of rejuvenation, revitalisation and restore youth and vitality by slowing down the aging processes. It is deemed as an effective therapeutic agent with potent regenerative properties in human tissues.
